Abstract
Introduction

10
Developing efficient power systems based on renewable energy sources and emitting Turkey's dependence of foreign countries on energy imports especially of oil and 20 non-renewable fossil-originated natural resources (natural gas and hard coal) causes 21 high energy costs. To solve energy problems and prepare for the future developments, 22 many countries and Turkey turn towards renewable energies like biomass, solar, wind 23 and geothermal for the production of clean energy. In addition, power generation from 24 waste heat recovery is also an important subject for the solution of the energy problems 1 [2] [3] [4] [5] [6] . 2 Rankine cycle is one of the most important operating cycles that widely used to 3 convert thermal energy into power in high capacities. Nuclear power plants and coal 4 plants can be given as examples for such applications. In these power plants, water is 5 used as a working fluid, which can cause some technical problems and these problems 6 can be eliminated by using appropriate organic working fluids as a replacement of water 7 in small and medium-scale power cycles [7] . Comparing to water, the organic working overheat. Thus, the corrosion risk of turbine blades can be almost eliminated.
16
 Their temperature differences between evaporation and condensation are low; 17 the pressure drops will also be low during the expansion processes. conditions. In addition, the effect of condenser pressure on energy and exergy 9 efficiencies of the ORC unit have been investigated experimentally.
11
System description
12
In this paper , an energy and exergy analysis of an ORC unit has been performed in an where the organic working fluid is vaporized by drawing heat from the thermal oil.
13
When the organic working fluid is to reach a superheated state, it is send to the turbine; (1)
Where, subscripts in and out represent the inlet and exit states, and are the net 11 heat and work inputs, is the exergy rate and is the irreversibility rate.
12
The thermal efficiency of the ORC may be expressed as: Energy of the system,
5
The volume of the system,
6
Entropy of the system. energy efficiency was calculated as 12.59%.
10
The highest exergy destruction has occurred in the evaporator during heat exchange Representative exergy and energy performance data for Case-1 can be seen in Table   2 2.
3 4 Table 2 . Representative exergy and energy performance data for Case-1.
6
Exergy losses diagram for Case-1 is given in Figure 3 . In the second study (Case-2), 6746 kW heat was transferred from the thermal oil to 11 the ORC unit and 977.21 kWe gross power was generated. The net power generation of 12 the ORC unit was 891.76 kW and electrical energy efficiency was calculated as 13.22%.
13
The thermal capacity of hot water which was obtained from the condenser was 5376.46 14 kW and its temperature was 85.6 °C. In the second study, the effect of condenser 15 pressure on the performance of the ORC unit was investigated by reducing condenser 16 pressure to 1.6 bar. When condenser pressure was reduced from 2.1 bar to 1.6 bar, the 17 cycle efficiency (net power production rate) increased from 12.59% to 13.22%. When
18
condenser pressure was reduced, the water temperature at the outlet of the condenser 19 was lowered, too. If the water that exiting from the condenser, is used for the heating 20 purposes in the process, the water temperature at the condenser outlet should be checked 21 out to meet the need of heating in the process. Water that coming from the condenser 22 was used to preheat the air (which was taken from the atmosphere) during the studies
23
and it was also used for the purpose of space heating. In this process, the temperature of 24 the water was decreased from 93.1 °C to 85.6 °C. This does not affect the production 1 process. To cool organic working fluid in the condenser efficiently, the flow rate of 2 condenser cooling water was raised from 64.42 kg/s to 120.33 kg/h. Therefore, the 3 energy consumption of condenser cooling water circulation pump was increased.
4
The properties at various states for Case-2 are given in Table 3 . Representative exergy and energy performance data for Case-2 can be seen in Table   13 4.
14 15 Table 4 . Representative exergy and energy performance data for Case-2.
17
In the second study, the highest exergy loss took place in the evaporator just as in the 18 first study. The evaporator was followed by condenser, turbine, regenerator and pump, tower, it is necessary to prefer the lowest pressure for the condenser to increase the 7 energy and exergy efficiencies, considering atmospheric conditions. Exergy losses diagram for Case-2 can be seen in Figure 5 . 
Conclusions
14
In this academic work, an energy and exergy analysis of an Organic Rankine Cycle
15
(ORC) unit was implemented in a biomass-based forest products manufacturing plant.
16
The ORC unit is used for the production of electricity and heat in the plant by using concluded from the context of these studies:
22

In the first study, the evaporator pressure was set at 12. 9 bar and the condenser 23 pressure was set at 2.1 bar. Under these conditions, 6831 kW heat was transferred from 24 thermal oil to the ORC unit and 860.06 kW net electricity production was realized. In 1 these circumstances, the energy and exergy efficiencies were calculated as 12.59% and 2 33.26%, respectively. Hot water was obtained from the condenser at the temperature of 3 93.1 °C and with the thermal capacity of 5483 kW.
In the second study, evaporator pressure was set at 12.8 bar and condenser 5 pressure was set at 1.6 bar. In these circumstances, 6746 kW heat was transferred from 6 thermal oil to the ORC unit and 977.21 kW gross electricity generation was realized.
7
Energy and exergy efficiency of the system were calculated as 13.43% and 35.5%, 8 respectively.
9
 When condenser pressure was reduced from 2.1 bar to 1.6 bar, the efficiency of 10 the cycle (net power production rate) increased from 12.59% to 13.22% and also, the 
